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Current X-ray Guidance of Procedure 
 
•  Complex	
  Procedure	
  –	
  high	
  skills	
  of	
  user	
  
•  High	
  radiaDon	
  due	
  to	
  long	
  X-­‐ray	
  Dme	
  (4h)	
  
•  Less	
  informaDon	
  about	
  anatomy	
  
•  Varying	
  outcome	
  

•  Steering	
  of	
  catheter	
  
•  Mechanical	
  contact	
  
•  Lesion	
  assessment	
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AIM : Development of a Robotic and MR-Guided EP-
procedure 
   
•    2-DOF Steerable Catheter to Avoid rotation of shaft 
•    Modifiable Curvature Without an Extra Sheath 
•    Stiffness Adjustability 
•    7-9 Fr (2.3 - 3 mm) outer diameter 
•    Integration of the Tip Force Sensor  
•    MR-Compatible	
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MR-compatibility – 
RF heating of Conductors 

•  RF transmission couples electrically to conductor 
•  Local heat dissipation ∝ σtissue E

2  ⇒ maximal at tip 
•  T = 20-70°C for bFFE sequence with SAR at 3.9W/kg 
 
No conductive wires are allowed! 

Ladd M et al.  ISMRM 1998, p.473 

conductor

electric Field E

conductor

electric Field Eelectric Field E

Buecker A. Minim Inv Ther 2006;15(2):65-70 
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Catheter Devices 
 
Mechanical stability and steering 
 

•  Metallic braids in catheter tubes 
- Torqueability 
- Kink resistance 
- Pressure resistance of lumen 

•  Steering Wires  
•  Wires in  EP catheters 

-  Internal ECG,  
- cardiac pacing, 
- RF ablation + temperature sensors 
- Force Sensors 

braid 

braid example 

EP electrodes 

braided stiff shaft 

non-braided  
flexible tip section 
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Alignment Pins 
Integrated Tendon 
Guiding Channels 

Central 
Lumen 

Helical Structure 
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Mechanical Design: 3-DOF Segment Based Steering 



KING’S	
  MEDICAL	
  ENGINEERING	
  CENTRE	
  

Mechanical Design: Steering Mechanism Assembly 

CW Segment 

CCW 
Segment 

250 µm 
Carbon Fiber 

Rod 
Carbon Fiber 

Tube 

Polymer Tube 
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Experiments 
1.  Lab-based accuracy measurement  

•  Magnetic tracking system (NDI Aurora)  
•  Tip position and Work-space analysis 
•  Repositioning accuracy (Hysteresis) 
•  Modification of tip section curvature 

 
2.  MRI-phantom experiments 

•  1.5 Tesla MRI (Philips Achieva) 
•  Real-time SSFP in 3 orientations 

(TR/TE=3.2/1.6ms, 1.5mm,  
SENSE=2 6 frames/second)  

•  MR-compatible steering 
•  MR-tracking 
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Results – Lab Tests Workspace & Hysteresis Analysis  
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Results – Lab Tests: Deflection Length Modification   
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Results – Lab Tests: Stiffness Adjustability  
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`Catheter Knob Design 
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Passive Mater-Slave Hydraulic System  
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Results – Real-time MRI 
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MR Tracking Coil 



KING’S	
  MEDICAL	
  ENGINEERING	
  CENTRE	
  

3 Axis Optical Fiber Catheter-tip Force Sensor 

•  MR-­‐CompaDble	
  
•  3-­‐Axis	
  Miniaturized	
  Force	
  Sensor	
  
•  Accurate	
  Measurement	
  Based	
  on	
  

OpDcal	
  Fiber	
  
•  Force	
  Range	
  of	
  0	
  to	
  0.8	
  N	
  
•  Great	
  PotenDal	
  for	
  Cardiac	
  AblaDon	
  

providing	
  Contact	
  Force	
  Feedback	
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Catheter-Tip Force Sensing 
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MR-Compatible Force Sensing Catheter  

Fibre-optic, MRI-compatible, triaxial 
catheter-tip force sensor. 

12Fr catheter-tip , triaxial force sensor. 

Comparison of the force signals of catheter-tip 
force sensor and the standard force sensor 

MR compatibility: RF-interference and B0-homogeneity  

P. Polygerinos, et al.  IEEE Transactions on  Biomed. Eng., 58 , 
no. 3, pp. 721-726, 2011. 
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Next Steps 
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Simplified Production 
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4 CONCEPT GENERATION 

4.1 RECOMMENDED CONCEPT 
We recommend the adoption of a concept for further development as follows: 

 Helical segments: Micromoulded, see Figure 5 
 Joining:  Keyed structural nesting of segment ends with UV adhesive to retain 
 Lumen packaging: See Figure 4, dimensions & materials subject to change 
 Movable stiffener: Runs inside helical segments, separated by liner tube  

   Runs on OD of therapeutic lumen  
   Likely to be Nitinol 

 Outer sheath:  Elastic thin-walled extrusion, polyurethane or similar 
 Therapeutic lumen: Multilumen extrusion as appropriate to selected therapy technology 

 

Figure 4: Recommended Lumen Packaging Concept 
Dimensions subject to change 

The rationales for these selections are given in the remainder of this section, and the selected 
concept is developed further in Section 0. 

4.2 CONCEPT GENERATION 
CDP held a number of internal brainstorms, each targeting slightly different aspects of the 
development challenge, and each leveraging the experience of a different range of team members. 

The raw output from these brainstorms is included in Appendix D. 

4.3 CONCEPT SELECTION 
Concept selection criteria included the following: 

 Commercial requirements – i.e. items 1.3 and 1.4 in Section 2.3 
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6 TESTING 
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© 2014 Cambridge Design Partnership LLP 

4 PROTOTYPE ASSEMBLY 

16th January 2015 
BFM-0079-PP-A 

BUILD STATUS 

© 2014 Cambridge Design Partnership LLP 

4 TESTING 

22nd January 2015 
BFM-0080-PP-A 

STIFFNESS OF NITINOL 

5 segments blocked 

8 segments blocked 

Bend radius of free section: 17.5 mm 
Bend radius of blocked section: Very large 
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Left atrium surface flattening  
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Conclusion  

•  Feasibility of a new robotic steerable catheter principle 
•  MR-compatible devices and control system 
•  Integration of a MR-compatible force sensing system 
•  New planning and visualization is required for clinical 

translation 
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